Introduction
============

In spinal surgery, postoperative bowel bladder disorder (BBD) occurs at a relatively high rate in patients with conditions such as spina bifida, spinal cord tumor, and spinal tethered cord syndrome. Intraoperative monitoring of the external anal sphincter (EAS) for the prevention of intraoperative neurological deficit was first reported by James et al. \[[@b1-asj-2018-12-4-662]\], and subsequently, there have been many reports on monitoring with transcranial muscle action potentials (Tc-MsEP), including that of the EAS, in spinal surgery \[[@b2-asj-2018-12-4-662]-[@b16-asj-2018-12-4-662]\].

We have previously described plug-surface electrodes for the intraoperative monitoring of the EAS, which has a lower derivation rate than other muscles \[[@b2-asj-2018-12-4-662]\]. Based on the possible influence of the electrode type on the derivation rate, we subsequently used needle electrodes for monitoring the EAS with Tc-MsEP. In the current study, we compared the rates of postoperative BBD after intraoperative spinal cord monitoring using needle and plug-surface electrodes and examined the appropriate alarm points for waveform deterioration in EAS monitoring.

Materials and Methods
=====================

1. Patient selection and neurological evaluation
------------------------------------------------

At our hospital, 269 consecutive spinal surgeries with intraoperative neurophysiological monitoring with Tc-MsEP were performed from April 2009 to December 2011. This study was approved by the Institutional Review Board of Nagoya University Hospital (IRB approval no., 354-3) and each patient provided informed consent before enrollment. After the exclusion of 25 reoperation cases and five dialysis patients (preoperative motor status itself was not considered in the exclusion criteria), 239 patients (104 males and 135 females) were included in the study. The mean age of the patients at surgery was 48.5 years (range, 8.86 years). There were 59 cervical cases (24.7%), 107 thoracic cases (44.8%), and 73 lumbar cases (30.5%); 23 cases (9.6%) had preoperative BBD. Bladder bowel function was measured using the Japanese Orthopaedic Association (JOA) score before and after the surgery, with a JOA score of \<0 indicating preoperative BBD and a decline in a score of \>1 indicating postoperative BBD aggravation. Among the 239 patients, plug-surface electrodes were used in 123 consecutive patients and needle electrodes were used in 116 consecutive patients for monitoring the EAS with Tc-MsEP ([Fig. 1](#f1-asj-2018-12-4-662){ref-type="fig"}). Details of the two groups are shown in [Table 1](#t1-asj-2018-12-4-662){ref-type="table"}. Waveform derivation, postoperative BBD aggravation, and sensitivity and specificity for the prediction of BBD aggravation at an amplitude reduction of 70% were investigated. The cutoff for the amplitude reduction with needle electrodes for the prediction of postoperative BBD aggravation was also examined.

2. Anesthetic management and general conditions during surgery
--------------------------------------------------------------

A minimal benzodiazepine dose was used as a pre-anesthetic to avoid possible suppression of waveform latency and amplitude. Propofol (3.4 mg/kg), fentanyl (2 mg/kg), and vecuronium (0.12.0.16 mg/kg) were administered for induction, and anesthesia was maintained with propofol (50.100 μg/kg/min), fentanyl (1.2.5 μg/kg/hr), and vecuronium (0.01.0.04 mg/kg/hr). Concomitant hypotensive anesthesia was induced as appropriate with continuous prostaglandin E~1~ and a short-acting β1 blocker (landiolol). Patients were maintained in a normothermic state and their temperature was raised in the event of possible intraoperative spinal damage. End-tidal CO~2~ was maintained in the reference range throughout the surgery. For intraoperative body temperature monitoring, a catheter with a vesical temperature sensor was used. Hemodynamic data were electronically recorded with invasive arterial blood pressure (BP) monitoring. Systolic BP variation was measured during the surgery, and systolic BP was determined at the time of waveform deterioration.

3. Stimulation and recording methods
------------------------------------

An MS120B (Nihon-Kohden, Tokyo, Japan) was used to perform transcranial stimulation, with parameters of 5 stimuli in a row at 2-ms intervals, a constant biphasic current of 200 mA for 500 μs, a 50--1000-Hz filter, and a 100-ms epoch time with ≤20 recorded signal responses. The stimulated point was 2 cm anterior and 6 cm lateral from the Cz location over the cerebral cortex motor area. Using a Neuromaster MEE-1232 ver. 05.10 (Nihon-Kohden), which is expandable to 32 channels, muscle action potentials were recorded from the upper and lower extremities via a pair of needle electrodes that were 3--5 Tc-MsEPs apart. The bilateral trapezius, triceps, deltoid, biceps, brachioradialis, abductor digit minimi, extensor carpi ulnaris, adductor longus, quadriceps femoris, hamstrings, tibialis anterior, gastrocnemius, and abductor halluces were used as target muscles. From April 2009 to August 2010, we used 2-channel plug-surface electrodes for the EAS for consecutive patients, and from September 2010 to December 2011, we used bilateral pairs of needle electrodes that were 2 cm apart outside the anus for consecutive patients ([Fig. 1](#f1-asj-2018-12-4-662){ref-type="fig"}). Tc-MsEP data from these muscles were used for analysis.

4. Statistical analysis
-----------------------

Significance was assessed using either the Student *t*-test or the Fisher's exact test. Receiver operating characteristic (ROC) curves were used to determine the cutoff amplitude. Sensitivity and specificity at the optimal cutoff values were calculated. All *p*\<0.05 were considered significant in all analyses. Data analysis was performed with IBM SPSS ver. 22.0 for Windows (IBM Corp., Armonk, NY, USA).

Results
=======

The waveform derivation rate was significantly higher using needle electrodes (91.3% \[106/116\] versus 76.4% \[94/123\], *p*\<0.01) ([Fig. 2](#f2-asj-2018-12-4-662){ref-type="fig"}). This rate was also significantly higher using needle electrodes in cases with preoperative BBD (60% \[6/10\] versus 16% \[2/13\], *p*\<0.05) ([Fig. 3A](#f3-asj-2018-12-4-662){ref-type="fig"}) and without preoperative BBD (94.3% \[100/106\] versus 83.6% \[92/110\], *p*\<0.05\] ([Fig. 3B](#f3-asj-2018-12-4-662){ref-type="fig"}). The etiology of postoperative BBD is shown for cases treated using needle and plugsurface electrodes in [Table 2](#t2-asj-2018-12-4-662){ref-type="table"}. The incidence of postoperative BBD aggravation was 7.1% (17/239) in all cases, 6.9% (8/116) using needle electrodes, and 7.3% (9/123) using plug-surface electrodes ([Table 2](#t2-asj-2018-12-4-662){ref-type="table"}).

In patients with baseline waveform detection wherein needle electrodes were used, the sensitivity and specificity for the prediction of BBD aggravation were 88% and 85%, respectively ([Table 3](#t3-asj-2018-12-4-662){ref-type="table"}). Using plug-surface electrodes, the sensitivity and specificity for the prediction of BBD aggravation were approximately 89% and 80%, respectively ([Table 4](#t4-asj-2018-12-4-662){ref-type="table"}). When using needle electrodes for the EAS, the intraoperative Tc-MsEP cutoff amplitude at the end of surgery in the ROC analysis was 25% of the baseline amplitude, with a sensitivity of 89% and specificity of 82% for the prediction of BBD aggravation ([Fig. 4](#f4-asj-2018-12-4-662){ref-type="fig"}). There were no complications with plug-surface or needle electrodes.

Discussion
==========

In 1953, Floyd and Walls \[[@b3-asj-2018-12-4-662]\] first reported an electromyogram using a surface electrode placed on the skin of the anus. Monitoring of the EAS with Tc-MsEPs is now widely performed in spinal surgery to prevent intraoperative neurological deficit \[[@b1-asj-2018-12-4-662],[@b4-asj-2018-12-4-662],[@b7-asj-2018-12-4-662]-[@b14-asj-2018-12-4-662],[@b16-asj-2018-12-4-662],[@b17-asj-2018-12-4-662]\]; in addition, electrophysiological tests for bladder and rectal function have been developed. Many institutions now use monitoring of the EAS with Tc-MsEP to prevent intraoperative paralysis during spinal surgery. The EAS has pudendal innervation, in which the dominant area is S2--4 and is thus useful for intraoperative monitoring of urinary function and dysuria due to spinal diseases \[[@b6-asj-2018-12-4-662]\].

The plug-surface electrode is relatively simple and less invasive, but the waveform derivation rate is low \[[@b7-asj-2018-12-4-662]\]. In our series, the waveform derivation rate from the EAS using plug-surface electrodes was 76.4%, which was significantly lower than the rate of 91.3% using needle electrodes. The sensitivity and specificity for the prediction of BBD aggravation based on a waveform reduction of ≥70% in monitoring of the EAS with Tc-MsEP were similar for the two electrodes. However, we found that it was difficult to detect baseline waveform using a plug-surface electrode in a case with preoperative BBD; thus, it is preferable to use needle electrodes for the anus. In fact, we have always used needle electrodes for all extremities.

Muramoto et al. \[[@b8-asj-2018-12-4-662],[@b13-asj-2018-12-4-662]\] reported cutoff values for lower limb muscles concerning paralysis exacerbation in spinal thoracic surgery, but there have been no reports on cutoff values for intraoperative monitoring with regard to postoperative BBD. In our study, ROC analysis using needle electrodes for monitoring of the EAS with Tc-MsEP gave a cutoff of 25% of the baseline amplitude for the prediction of postoperative BBD aggravation. A waveform amplitude reduction of 70% in spinal surgery is the recommended criterion for an alarm point \[[@b12-asj-2018-12-4-662]\], and an alarm point of 70% waveform reduction may also be appropriate for the EAS. However, there are many false-positive cases at the 70% alarm point, and further study is needed to improve the accuracy of the monitoring. Specifically, there is a need to evaluate the absolute amplitude and to consider both single-train and double-train stimulation methods.

In patients with baseline waveform detection, the sensitivity and specificity for the prediction of BBD aggravation did not differ significantly between the two electrodes. However, deeper muscles could be detected using needle electrodes, and this resulted in a better waveform derivation rate and no complications. Therefore, we consider needle electrodes to be the most useful for monitoring BBD, although this may be difficult in patients with injuries that might be caused by needle insertion, as well as in patients with hemorrhoids.

Conclusions
===========

In patients with baseline waveform detection, sensitivity and specificity were equivalent for needle and plugsurface electrodes; however, the waveform derivation rate was significantly higher with needle electrodes. The study provides the first report of a cutoff value of 25% for the prediction of postoperative BBD aggravation using needle electrodes and shows that needle electrodes are effective for monitoring the EAS muscles during spinal surgery, particularly in cases with preoperative BBD.
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###### 

Characteristics of cases treated using monitoring with needle and plug-surface electrodes

  Characteristic                                                                               Needle (n=116)   Plug-surface (n=123)   *p*-value
  -------------------------------------------------------------------------------------------- ---------------- ---------------------- -----------
  Background                                                                                                                           
   Age (yr)                                                                                    47.1±20.3        49.2±18.3              NS
   Female                                                                                      69               66                     NS
  Region of spine                                                                                                                      
   Cervical                                                                                    25               34                     NS
   Thoracic                                                                                    53               54                     NS
   Lumbar                                                                                      38               35                     NS
  Diagnosis                                                                                                                            
   Spinal tumor (cervical, thoracic)                                                           34 (29)          33 (27)                NS
   Scoliosis                                                                                   18 (16)          14 (11)                NS
   Lumbar degenerative disease                                                                 14 (12)          17 (14)                NS
   Os sification of the posterior longitudinal ligament, ossification of the yellow ligament   13 (11)          20 (16)                NS
   Lumbar intradural extramedullary tumor                                                      7 (6)            11 (9)                 NS
   Cervical spondylotic myelopathy                                                             6 (5)            5 (4)                  NS
   Cervical involvement in rheumatoid arthritis                                                2 (2)            3 (2)                  NS
   Spinal infection                                                                            3 (3)            2 (2)                  NS
   Spinal cord hernia                                                                          2 (2)            2 (2)                  NS
   Tethered cord syndrome                                                                      1 (1)            4 (3)                  NS
   Others                                                                                      16 (14)          12 (10)                NS
  Preoperative bowel bladder disorder                                                          10 (7)           13 (10)                NS

Values are presented as mean±standard deviation or number (%).

NS, not significant.

###### 

Incidence of postoperative bowel bladder disorder aggravation in cases treated using monitoring with needle and plug-surface electrodes

  Etiology                                                                                   Needle        Plug-surface   Total
  ------------------------------------------------------------------------------------------ ------------- -------------- --------------
  Spinal tumor (cervical, thoracic)                                                          15 (5/34)     12 (4/33)      13 (9/67)
  Ossification of the posterior longitudinal ligament, ossification of the yellow ligament   23 (3/13)     10 (2/20)      15 (5/33)
  Lumbar intradural extramedullary tumor                                                     0 (0/7)       9 (1/11)       6 (1/18)
  Tethered cord syndrome                                                                     0 (0/1)       25 (1/4)       20 (1/5)
  Scoliosis (idiopathic, congenital)                                                         0 (0/18)      7 (1/14)       3 (1/32)
  Others                                                                                     0 (0/43)      0 (0/45)       0 (0/88)
  Total                                                                                      6.9 (8/116)   7.3 (9/123)    7.1 (17/239)

Values are presented as % (number/total number).

###### 

Relationship of postoperative BBD with waveform deterioration with needle electrode

  Variable                     Postoperative BBD        
  ---------------------------- ------------------- ---- -----
  Waveform deterioration (+)   7                   15   22
  Waveform deterioration (−)   1                   83   84
  Total                        8                   98   106

Sensitivity, 88%; specificity, 85%; false-positive rate, 15%; false-negative rate, 12%; positive predictive value, 32%; and negative predictive value, 99%.

BBD, bowel bladder disorder.

###### 

Relationship of postoperative BBD with waveform deterioration with plug-surface electrode

  Variable                     Postoperative BBD        
  ---------------------------- ------------------- ---- ----
  Waveform deterioration (+)   8                   17   25
  Waveform deterioration (-)   1                   68   69
  Total                        9                   85   94

Sensitivity, 89%; specificity, 80%; false-positive rate, 20%; false-negative rate, 11%; positive predictive value, 32%; and negative predictive value, 99%.

BBD, bowel bladder disorder.
